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Introduction
Recently, irrigation is also considered as, "maintaining the usable water at a suitable level at the root zone in addition to providing the water required for plant production". Irrigation applications are carried out using different methods due to changes in the topographic structure of the land, soil and plant type as well as changes in farmer preferences and cost factors. Among these methods, drip irrigation is preferred due to its superiorities over other methods with regard to yield, efficiency, irrigation water savings when compared with other irrigation methods, it is indicated that drip irrigation provides 44% water savings on apple trees in comparison with other surface irrigation methods (Mohammed, 2018) , whereas drip irrigation consumes 60% less water in grapevine irrigation compared with furrow irrigation and 56% less water compared with micro sprink irrigation (Baştuğ et al., 1998) . In general, about 30-60% water saving is possible with drip irrigation method in comparison to sprinkling and flood irrigation in agricultural irrigation (Anonymous, 2004) . Drip irrigation is defined as, "slowly delivering filtered water to the plant roots in small amounts and at high intervals". Deep percolation, surface flow and evaporation losses can be minimized with this method (Wu et al., 1979; Korukçu, 1980 ; cited from Altın, 2009 ). Uniform distribution of water is a desired characteristic in drip irrigation. Failure of the system to distribute the water uniformly results in excessive or deficit irrigation of the plant roots. Both cases will inevitably yield to the emergence of conditions that are not suited for plant growth. Excessive irrigation leads to insufficient aeration of the roots due to bad drainage, washing of nutrients at the root and thereby reduced effectiveness of the fertilizer, while deficit irrigation results in higher energy consumption and low irrigation efficiency (Çiçek, 2015) . Hence, hydraulic change and emitter performance change should be taken into consideration as two important parameters causing changes in emitter flow rates when determining irrigation uniformity which is an important element when evaluating the drip irrigation system performances. Hydraulic change develops due to the pressure change resulting from the incline of side pipes and laterals on the land as well as pipe diameter and lateral length. Whereas emitter performance change can be considered as changes in emitters due to factors such as manufacturing varieties of emitters, level of clogging due to irrigation water, changes in irrigation water temperature and wear in emitters over time (Çamoğlu and Yavuz, 2004) . Similarly, many factors such as operating pressure, water chemical and temperature, construction changes, effecting the uniformity of water distrubition. Therefore, the lack of such mentioned factors that caused to poor desing will bring changing in discharge and the distribution uniformity and low irrigation efficiency. The uniformity parameters are the main and basic criteria for designing an efficient of drip irrigation system (Elamin et al., 2017) . Ideally, all emitters in a drip irrigation system should have equal flow rates (Özekici and Bozkurt, 1996) . However, this is not possible in practice. Accurate emitter manufacturing is the main criteria and necessary in order to ensure a high effective system uniformity. Also the emission uniformity is essential to determining the total dept of water applied (Yeeshu et al., 2014) . Manufacturing varieties that have a significant impact on system performance also cause variations in emitter flow rates. Emitters may differ with regard to characteristics such as volume, weight, surface shape and length due to factors such as raw materials used in manufacturing, manufacturing temperature, mold properties, manufacturing pressure and rate, cooling time etc. (Demir and Yürdem, 2000) . There may be flow regime differences even in two emitters manufactured with the same technology using the same machine and the same manufacturing conditions (Solomon, 1979; Özekici and Sneed, 1995) . Uniform distribution of irrigation water is one of the primary criteria taking into consideration when evaluating irrigation systems. However, irrigation systems differ with regard to uniform distribution due to many different reasons. Factors such as the uniform distribution of water at the application area, friction losses at the side pipe and laterals of the system, pressure changes due to the elevation differences between system elements, how well the system is maintained, level of clogs in the emitter due to contamination of irrigation water and the number of emitters per plant affect the uniform distribution of water (Ünal, 2011) . It is also inevitable that there will be differences between local and foreign emitter laterals due to factors such as manufacturing conditions, raw material and manufacturing temperature even if they have been manufactured using similar technologies.
The purpose of this study was to put forth the impacts of manufacturing differences among emitters on their irrigation performances and to provide information to users on the different types of emitters in the market by carrying out analyses on their operating performances under different operating pressures as well as various hydraulic performance parameters. In the literature review, resently, there is no study in the GAP region which is compatible with the subject of this study or to determine the dripper hydraulic performances. There are large agricultural areas where pressurized irrigation systems are used in the region. Considering the excess amount of dripper lateral to be used in these areas, the use of drippers with good hydraulic performance is very important in terms of protection of water resources and providing the expected benefit from irrigation.
Materials and Methods

Test setup preparation
The present study was carried out at Siirt University which is located in the Southest Anatolia Region of Turkey Faculty of Agriculture Department of Biosystem Engineering irrigation laboratory. The test table in the laboratory (Fig. 1 ) was arranged such that the specially manufactured 4 lateral lines with an elevation of 1.2 m from ground level, lenght of 6 m and width of 1.8 m can be tested simultaneously.
Figure 1. A view of test table used in this study
The test setup was comprised of a main pipe, mounting system and lateral pipe lines. A 32 mm PPRC (Polypropylene Random Copolymer) pipe integrated to the municipal water outlet at the laboratory which is controlled by a ball valve was used as the main pipeline. The mounting system was affixed from its starting and ending points using a steel wire to make the incline at the laterals zero and the test laterals were fixed on these steel wires via clips. The test table for steel wires and laterals was mounted on a moving table at an elevation of 40 cm and a setup with 4 rows was prepared with lateral gaps of 35 cm. Plastic ball valves and manometers were used as return valve on the end of the main pipeline for pressure control at the lateral inlets and for ensuring lateral safety under high pressure conditions. The municipal water used in the test setup was directly connected since there was no contamination that may cause clogging. An additional electrical pump was not used in the system since the municipal operating pressure may reach up to 6 bars, however a 2 kW electrical pump was integrated to the system as a precaution against pressure drops. The municipal pressure was applied on the laterals after being reduced to the desired test pressure via ball valves. Temperature changes in the municipal water were monitored during the test at varying intervals using a portable thermometer and a difference of ±0.5 o C was not included in the calculations since it is not effective on flow rate changes. Transparent plastic cups of 1.2 liters were used for collecting the water from the emitters.
Execution of the tests
Lateral flow rate tests were carried out at 4 different pressure intervals (5-10-15 and 20 m) on emitters the characteristics of which are given in Table 1 .
A total of 28 emitters were selected on each lateral for determining the relationship between emitter pressureflow rate and measurements were carried out with 3 repetitions. Water was given to the system which was subject to 10 minutes of natural dripping prior to starting the measurements and it was waited until the lateral input pressures became constant. Measurements were started and stopped simultaneously for all laterals. The emitter flow rates were determined in accordance with the volume principle using the amount of water accumulated in drip pans placed under the laterals by way of 10 ml graded 1000 ml glass beakers (Tekin et al., 2016) . The flow rate values determined for each emitter were evaluated in Excel software after which the flow regime, flow index subject to flow regime (x), flow coefficient (k), correlation coefficient (r), emitter uniformity (EU), Cristiansen Uniformity coefficient (CU), statistical uniformity coefficient (Us), manufacturing variety coefficient (CV) values were determined and the changes in these values subject to pressure were evaluated. 
Determination of emitter flow characteristics
Emitter flow rate is a function of the pressure that characterizes flow. Hence, certain emitter characteristics such as manufacturing variety, emitter parameters can be easily determined via experimental studies (Karaca, 2008) . The relationship between emitter inlet pressure and emitter flow rate is defined as a flow characteristic and is indicated with the Q=kh x equality given in Table 2 and calculated using Eq.1. Here; Q: emitter flow rate, (l/h); k: coefficient expressing emitter dimensions, h: emitter inlet pressure (m) and x: emitter flow regime coefficient. The values of k and x indicate emitter characteristics and are two important parameters with an impact on uniform water distribution in drip irrigation as coefficients indicating emitter flow regime (Demir and Yürdem, 2000) . In the above equations; q: emitter flowrate (l h -1 ); k: flow coefficient; h: operating pressure, m; x: flow index subject to flow regime; qx: average of ¼ of the emitters with the lowest flow rate (l h -1 ); qa: average of all emitter flow rates, (l h -1 ); Δqo: average of the absolute deviations from the average for each emitter or lateral flow rate, qo: emitter or lateral input flow rate average, (l h -1 ); Sq: standard deviation of emitter flow rates; qort: average emitter flow rate (l h -1 ); Xort: average emitter flow rate; (l h -1 ); S: standard deviation of emitter flow rates Flow index values suggested by different researchers that define emitter flow rate characteristics are given in Table 3 . Results for the flow regime obtained in the study were evaluated according to (Demir and Yürdem, 2000; Karaca, 2008) Flow Regime x value (Bralts et al., 1987) In pressure regülatör emitters 0-0.5 Partially turbulent flow and unstabil flow conditions 0.5-1.0 Full turbulance 0.5 Laminar flow 0.5-1.0 Partially regulated pressure 0-0.5 Regulated pressure fully 0
The evaluation principles provided in Table 4 were used when determining emitter hydraulic parameters and the numerical values acquired as a result of the calculations were classified according to the provided criteria. (Tüzel, 1993; ASAE, 1994 ASAE, , 2002 Table 5 summarizes the results related with flow characteristics for the emitters used in the study. Flow index values were determined between 0-0.5 for the B, C and D emitters used in the study and display a partially turbulent flow characteristic without pressure regulator. The flow index (x) value determined via graphic method for the emitter of A company was 0.5035 and it was evaluated to have a full turbulent flow regime. 
Results and Discussion
Emitter flow characteristics
Pressure-Flow Rate relationship
The emitters used in the study were tested under 4 different operating pressures and the acquired results have been summarized in Table 6 and Figure 2 . It can be observed upon examining the pressure-flow rate change of emitters that different values have been obtained at different operating pressures. Whereas the lowest average flow rate value was 2.79 l h -1 for the B emitter at the lowest operating pressure (5 m), the highest average flow rate value was obtained as 7.73 l h -1 for the A emitter at an operating pressure of 20 m.
As can be seen in Table 6 , the flow rate values determined during the study carried out for determining the flow characteristics of the emitters displayed a tendency to increase with increasing operating pressure. Parallel to the developments in irrigation technologies, studies have been carried out by many researchers for determining the variation in emitter pipes as well as the flow characteristics of these emitters (Özekici and Sneed, 1995 . It was put forth in studies carried out by researchers that flow rate changes especially in systems using emitters without pressure regulator tended to increase with increasing operating pressure. Results acquired in this study regarding the pressure-flow rate changes were in accordance with the findings of other researchers and an increase was observed in emitter flow rates corresponding to an increase in operating pressure. Even though the flow rate for 1 atm pressure suggested by manufacturers of the emitters used in the study was 4 l h -1 , deviations from this value were observed. While the highest % change from the suggested flow rate was observed for the A emitter with 25.5%, the lowest change % was observed for the D emitter with 0.75%. The aforementioned values are similar with the findings of Tekin et al. (2016) . Researchers determined this change to vary between 1-15.5% subject to the companies of emitters used. The sudden decrease and increase in emitter B shown in Figure 2 is thought to be due to the instantaneous pressure change in the emitter. The preference of emitters by system users with less flow rate change and which are classified as either "good" or "very good" should be taken into consideration with regard to both system performance and first facility cost.
Manufacturing variety coefficient
The manufacturing variety coefficients of the emitters used in the study were calculated using Eq.2 and evaluated according to Wu and Gittling (1974) and ASAE (1994) and the manufacturing variety coefficients (CV) acquired along with classification have been given in Table 7 . As can be seen when the table is examined that the CV coefficients have been subject to an evaluation based on different classification groups and received group values ranging between "very good" and "unacceptable". The emitters were classified into 4 groups as a result of this evaluation. While the A emitter with an operating pressure of 5 m yielded a high (13.27) CV value, it was classified as "weak". Similarly, while the same emitter took on the value of "moderate with a load of 8.46 at a pressure load of 10 m, it was classified as "good" at pressure loads of 15 m and 20 m. The classification change interval ranged between "good" and "very good" for the B emitter as well even though the changes were not as dramatic as those of the emitter A. The change interval for the manufacturing variety coefficients under different pressure loads for exported emitters C and D was not very high with the lowest value of 1.34, highest value of 3.74 and a classification of "very good". Demir and Yürdem (2000) carried out a study in which a total of 32 emitters (22 without pressure regulator, 6 with pressure regulator and 4 with on-line emitters) were subject to tests under 5 different operating pressures and controlled laboratory conditions. It was observed as a result of the evaluation based on manufacturing variety coefficients that the emitters without pressure regulator were classified as "unacceptable" and "moderately perfect". The changes in CV values subject to pressure in the present study were in accordance with the findings of other researchers in literature. Even though the manufacturing variety coefficients of emitters vary between 2-15%, it is possible to obtain higher values (Çiçek, 2015) . The CV values acquired in this study remained in the limits indicated by the researchers.
Emitter uniformity (EU)
The emitter uniformity coefficients for the emitters subject to the tests in the study were calculated using Eq.3 and evaluated in accordance with ASAE (1994) and the acquired results together with the classification results are given in Table 8 . As can be seen upon examining the table that the emitter uniformity coefficients displayed increasing or decreasing changes. Whereas an increase was observed in emitters A, B and C subject to an increase in pressure, the converse was true for the emitter D. Tekin et al. (2016) carried out a study in which the emitter uniformity coefficient decreased at all pressures applied, only the results for emitter D were in accordance while the contrary was observed for all other emitters and the acquired results were not in accordance with the findings of other researchers. This is due to the fact that different brand laterals and emitters have been used. While emitter A was below the value of 94% for all applied pressures and took on the classification of "good", the other emitters were classified as "very good". The lowest emitter uniformity coefficient was determined as 85.49 for emitter A under a pressure load of 5 m, while the highest value was determined as 98.39 for emitter C under a pressure load of 20 m. Emitter uniformity coefficients were classified as "good" and "very good" for emitter A as was the case according to the findings of Özekici and Bozkurt (1996) , the other emitters remained above 94% and were classified as "very good" in accordance with the results of studies by Çamoğlu and Yavuz (2004) , Tekin et al. (2016) . Uygan and Çetin (2015) carried out a study in which the emitter uniformity coefficient varied between 80-99% in plants using the emitter system in the Eskişehir-Sakarya region.
Irrigation water uniform distribution coefficient (CU)
The compliance of the irrigation water uniform distribution coefficients of emitters were calculated using Eq.4 and evaluated according to ASAE (1994) and given in Table 9 . While all coefficients obtained in the study were classified as "very good", only emitter A took on the "good" classification under a pressure load of 5 m. In general, Cu values increased with increasing pressure for emitters A, B and C, while all values were similar for emitter D under all pressure values. Çamoğlu and Yavuz (2004) determined the average CU value as 97.41, while Tekin et al. (2016) determined the average CU value as 97.20% and classified it as "very good". Based on these results, they concluded that the operating pressure value has an impact on the uniformity coefficient.
Statistical uniformity (Us)
The compliance of statistical uniformity coefficient values for the emitters was calculated using Eq.5 and evaluated subject to ASAE (1994) and the acquired Us coefficients are given in 2019) conducted a study in India on drip irrigation system in order to determine manufacturing variety coefficient (CV), uniformity coefficient (UC) and statistical uniformity (US) with the soil moisture distribution. Researchers declared that the coefficient of variation (CV) was obtained 0.0207 percent at a constant pressure of 50.66 kPa, statistical uniformity (US) as 97 percent and coefficient of uniformity (CU) as 0.9518. While US and CU values were consistent with our findings, CV values were found to be very low.
Conclusion
The fact that this study is conducted for the first time in the region is important in terms of guiding the future studies on this subject. The fact that this study is conducted for the first time in the region is important in terms of guiding the future studies on this subject. Beneficiaries who will benefit from the study outputs will be able to make more conscious choice in system planning, installation and dripper selection and thus contribute to the protection of water resources. It is expected from the drip irrigation system to provide the required performance, to be operated profitably and to provide the sufficient amount of water to the plant under optimum conditions with the best system hydraulic and flow parameters. Lowest values of the manufacturing variety coefficients which are among the most important factors that make up the system parameters lead to low flow rate variations between emitters and the ability to provide sufficient water to the plant root region. High values of Emitter Uniformity (EU), Cristiansen Uniformity Coefficient (CU) and statistical uniformity coefficients (Us) for all emitters increases the success of irrigation while also resulting in a uniform plant development and
